Abstract. Mid-infrared data, including Spitzer warm-IRAC [3.6] and [4.5] photometry, is critical for understanding the cold population of brown dwarfs now being found, objects which have more in common with planets than stars. As effective temperature (T eff ) drops from 800 K to 400 K, the fraction of flux emitted beyond 3 µm increases rapidly, from about 40% to>75%. This rapid increase makes a color like H-[4.5] a very sensitive temperature indicator, and it can be combined with a gravity-and metallicitysensitive color like H − K to constrain all three of these fundamental properties, which in turn gives us mass and age for these slowly cooling objects. Determination of midinfrared color trends also allows better exploitation of the WISE mission by the community. We use new Spitzer Cycle 6 IRAC photometry, together with published data, to present trends of color with type for L0 to T10 dwarfs. We also use the atmospheric and evolutionary models of Saumon & Marley to investigate the masses and ages of 13 very late-type T dwarfs, which have H- [4.5]>3.2 and T eff ≈500 K to 750 K.
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Introduction
The last decade has seen a remarkable increase in our knowledge of the bottom of the stellar main-sequence and of the low-mass stellar and sub-stellar (brown dwarf) population of the solar neighborhood. Two classes have been added to the spectral type sequence following M -L, and T; T dwarfs with effective temperatures (T eff ) as low as 500 K are now known and we are truly finding objects that provide the link between the low-mass stars and the giant planets. As T eff decreases, brown dwarfs emit significant flux at mid-infrared wavelengths (e.g. Burrows et al. 2003; Leggett et al. 2009 ). At T eff =1000 K 30% of the total flux is emitted at wavelengths longer than 3 µm, while at 600 K 60% of the flux is emitted in this region (according to our models). Saumon et al. 2007) , and the 600 K T9 dwarf ULAS 0034-00 (upper spectrum, Leggett et al. 2009 ). Principal absorption features are identified; NH 3 is also likely for the T9 dwarf near 1.0, 1.2, 1.3, 1.5 and 1.8 µm. The MKO-system Y JHK, IRAC and WISE filter bandpasses are indicated.
Figure 1 shows spectral energy distributions (SEDs) for a 750 K T8 dwarf and a 600 K T9 dwarf; the flux emerges from windows between strong bands of, primarily, CH 4 and H 2 O absorption. As the temperature drops from 750 K to 600 K, the ratio of the mid-to the near-infrared flux increases dramatically, and more flux emerges through the windows centered near 5 µm and 10 µm. Filter passbands are indicated for the nearinfrared Y JHK MKO-system (Tokunaga et al. 2002) , as well as the Spitzer IRAC bands (Fazio et al. 2004 ) and the three shortest-wavelength WISE bands (Liu et al. 2008) . The IRAC and WISE filters sample regions of both high and low flux, thus both cameras are sensitive to cold brown dwarfs, which can be identified by extreme colors in their respective photometric systems.
We used Spitzer Cycle 6 time to obtain IRAC photometry of late-type T dwarfs. Here we combine these data with published photometry to examine trends in colors with spectral type, which will be useful for the design and use of ongoing and planned infrared surveys. We also examine in detail the colors of the 500 ≤ T eff K ≤ 800 dwarfs for correlations with the photospheric parameters effective temperature, gravity, and metallicity. We find that various colors do provide indicators of temperature and gravity, which in turn constrains mass and age when combined with evolutionary models. T5 to T10, as opposed to the ∼2 magnitudes shown in Figure 2 . This means that the mid-infrared all-sky mission WISE is ideally suited for detecting the very cold brown dwarfs. Assuming that the mass function is flat (e.g. Burningham et al. 2010a) , and using the simulations by Burgasser (2004) , we estimate that WISE will find forty-five 500 K and thirty 400 K brown dwarfs (using the sensitivities in Mainzer et al. 2005) . 
Trends with Type, and Survey Sensitivities

Temperature, Metallicity and Gravity
We now examine observed and modeled trends for the coolest dwarfs in our sample. The color H−[4.5] is a sensitive indicator of T eff for late-type T dwarfs (Warren et al. 2007; Stephens et al. 2009; Leggett et al. 2010a ). Here, we select dwarfs with H−[4.5]> 3.2, which produces a sample cooler than ∼800 K. Thirteen objects fall into this category, and are listed in Table 1 . Some of these objects are well-studied, and we indicate in the figures metallicity and gravity where these are known; these and other parameters are listed in Table 1 . It can be seen that, while there is not exact agreement between models and data, the general trends are reproduced, with metal-poor and high-gravity dwarfs being blue in H − K and [4.5]-[5.8], and slightly redder in H− [4.5] . The H − K color is impacted by pressure-induced H 2 opacity which is sensitive to metallicity and to a lesser extent gravity. The [4.5] flux is impacted by a gravity-and metallicity-sensitive CO band. There is degeneracy between the effects of gravity and metallicity, but there is an indication that H −K is more sensitive to metallicity and [4.5]-[5.8] to gravity, as the models calculate. The location of the dwarfs in Figures 4 and 5 relative to benchmark dwarfs, allows temperature, metallicity and gravity to be newly estimated for four dwarfs, and these parameters are given in Table 1 . Note that these values do not rely on the absolute values implied by the models, but instead the models are used in a relative sense, using well-studied dwarfs as benchmarks.
Conclusions
The IRAC data implies that the majority of the UKIDSS 500 K to 600 K dwarfs are young and low mass, a result not currently understood in terms of selection effects or the mass function. Photometric data at wavelengths longer than 3 µm are both important and useful for the latest-type T dwarfs with 500 ≤ T eff K ≤ 800, and will be even more so for the cooler objects expected to be found by WISE and other sky surveys. It is only possible to get such data from the ground for very bright objects and mid-infrared space missions are crucial for continued progress in this field. 
